what is known already: Studies using retrospective data on TTP have reported a short-term delay in the return of fertility after OC use. However, little is known about the long-term OC use and TTP. study design, size, duration: Data were derived from 'Snart Gravid.dk', a prospective cohort study that enrolled participants participants, setting, methods: Eligible women were Danish pregnancy planners, aged 18-40 years, who completed a baseline questionnaire and bimonthly follow-up questionnaires until conception or for 12 months, whichever came first. Cohort retention was 80%. We used proportional probability regression models to estimate fecundability ratios (FRs) and 95% confidence intervals (CIs), with adjustment for potential confounders.
Introduction
In Western countries, 50 -89% of women use oral contraceptives (OCs) at some point in their lifetime (Skouby, 2004; Mosher and Jones, 2010) . OCs inhibit ovulation, thicken the cervical mucus and thin the endometrial lining, thereby preventing fertilization and implantation (Dickey, 2007) . Several studies using retrospective data on time to pregnancy (TTP) have reported a short-term delay of 2-6 months in the return of fertility after OC use compared with other contraceptives (Vessey et al., 1978; Linn et al., 1982; Hassan and Killick, 2004; Kaplan et al., 2005; Axmon et al., 2006 ) . However, the effect of long-term OC use on TTP has been evaluated prospectively in only two studies, reporting no association of OC use with fecundability (Wiegratz et al., 2006; Cronin et al., 2009) . One of these studies also examined the type of OC and TTP but found little association (Cronin et al., 2009) . No study has prospectively evaluated TTP in relation to age at the start of OC use.
Increasing proportions of Western women are delaying childbearing until their careers and relationships are well established. This trend has been accompanied by a longer duration of OC use before the first attempt to conceive (Martin, 2000; Petersen et al., 2009) . Furthermore, an earlier sexual debut may lead to a younger age at first OC use, increasing the total duration of OC use. Given the high prevalence of OC use, any association with TTP may have a major public health impact. In the current study, we evaluated the effect of former OC use on TTP according to the type of OC [ethinylestradiol (EE) dose and progestin type], age at first use and duration of use, among women enrolled in a Danish web-based pregnancy planning study.
Materials and Methods
The soon pregnant study Data for this study were collected as part of the Danish web-based pregnancy planning study ('Snart-Gravid.dk'), described in detail elsewhere (Mikkelsen et al., 2009; Wise et al., 2010) . Briefly, participants were enrolled via the study website (www.snart-gravid.dk). Potential participants were asked to read a consent form and complete a screening questionnaire to confirm eligibility. Eligible women were invited to complete a baseline questionnaire and bimonthly questionnaires until conception or for 12 months if no conception occurred.
The web-based baseline questionnaire included questions on sociodemographic background, reproductive and medical history and lifestyle and behavioral factors. The follow-up questionnaires collected information on pregnancy status, frequency and timing of intercourse and other lifestyle and behavioral exposures, such as alcohol intake, which may change over time.
Study population
The study included women who met the following criteria: aged 18 -40 years, Danish residents, in a stable relationship with a male partner, attempting to conceive, and not receiving fertility treatment. A total of 5644 women were eligible and enrolled from 1 June 2007 to 31 May 2010. In the analyses, we excluded women who had tried to conceive for more than six cycles at study entry (n ¼ 1104), women who did not complete at least one follow-up questionnaire (n ¼ 534) and women who provided insufficient or implausible information about the date of their last menstrual period (LMP) or the date of their first pregnancy attempt (n ¼ 279). Thus, the final study population comprised 3727 women.
Assessment of OC use
At baseline, participants were asked to report all contraceptive methods ever used, as well as the last method used before their current attempt to become pregnant. For analytic purposes, the most recent contraceptive method was categorized into four groups: OCs (all types), intrauterine device [IUD (hormone and copper)], barrier methods (condom, foam, gel, cream, and suppository) and other methods (injectables, patch, withdrawal, calendar, body temperature, and unspecified).
Women who reported ever taking OCs were asked to provide the number of OC brands they had used, as well as the age at the start of use and duration of use for each brand. To enhance recall, the questionnaire included a list of all OC brand names available in Denmark. We categorized OCs according to the content of EE: none, low dose (20 or 30 mg) and high dose (35 mg or bi/triphasic OCs with amounts varying between 30 and 40 mg). We then further categorized OCs into generations according to progestin content: second generation (norgestrel and levonorgestrel), third generation (desogestrel and gestodene) and fourth generation (drospirenone). We estimated the total duration of OC use for each participant by summing duration (months and years) of OC use across different brands. At baseline, participants were asked if they intentionally had delayed their attempt to become pregnant after discontinuing OC use.
Assessment of pregnancy and cycles at risk
The event of interest was the first reported pregnancy during the followup period, regardless of pregnancy outcome. The follow-up questionnaires thus included questions on date of LMP, current pregnancy status and other pregnancy outcomes since the date of the last completed questionnaire. TTP was calculated as the number of days a woman had tried to conceive divided by cycle length. TTP included time before and after the study entry. Total cycles at risk were calculated as follows: (days of trying to achieve pregnancy at study entry/cycle length) + [(LMP date from most recent follow-up questionnaire 2 date of baseline questionnaire completion)/cycle length) + 1] (Wise et al., 2011) .
Assessment of covariates
Weight, height, physical activity and smoking history were reported at baseline and allowed the calculation of body mass index (BMI), total metabolic equivalents (METs) and pack-years of smoking. Total METS were estimated by summing the METs from moderate and vigorous physical activity, i.e. hours per week multiplied by 3.5 and hours per week multiplied by 7.0, respectively (Ainsworth et al., 2000) .
Data analysis
At baseline, the proportion of missing data for most covariates was ,1% and a few variables had missing data for 1 -8% of subjects. We performed multiple imputation using all gathered information including outcome variables to impute missing covariate values (Zhou et al., 2001) . We examined the associations between TTP, last method of contraception and OC exposure (age at the start of OC use, duration of use, EE dose and generation) by calculating: (i) cycle-specific pregnancy probabilities, (ii) cumulative probability of pregnancy, using Kaplan -Meier curves and (iii) fecundability ratios (FRs) and 95% confidence intervals (CIs) using a proportional probabilities regression model (Weinberg et al., 1989) . The FR represents the cycle-specific probability of conception among exposed women divided by that among unexposed women. A FR below 1 indicates Pre-gravid oral contraceptive use and time to pregnancy reduced fertility among exposed women relative to unexposed women (Weinberg et al., 1989; Baird et al., 1994) . At study entry, participants had been trying to conceive for a varying number of cycles, ranging from zero to six. To account for this variation, we based risk sets only on observed cycles at risk, i.e. a woman contributed risk (attempt) time only while participating in the study (Wise et al., 2010) . Right-censoring occurred when a participant was lost to follow-up, started fertility treatment, stopped trying to conceive or reached the end of the observation period (12 cycles).
In multivariate analyses (including the Kaplan -Meier curves), we adjusted for potential confounders (age, parity, partner's age, education, cycle regularity, heaviness of menstrual flow, BMI, physical activity, smoking, alcohol intake, intercourse frequency, intentional delay between OC cessation and initiation of pregnancy attempt and history of sexually transmitted diseases) selected on the basis of the literature and clinical relevance. Time-varying exposures were updated using data reported on follow-up questionnaires.
In sub-analyses, we stratified data according to gravidity, parity and age at study entry. Finally, we used restricted cubic splines to explore the possibility of a nonlinear relation between the duration of OC use and fecundability (Durrleman and Simon, 1989) . SAS statistical software (version 9.2, SAS Institute, Cary, NC) was used for all analyses.
Ethical approval
The study protocol was approved by the Danish Data Protection Agency, CVR no. 11-88-37-29 and the Boston University Medical Center.
Results
Of the 3727 participants in this analysis, 1894 (51%) achieved a pregnancy within six cycles of follow-up. Within 12 cycles of follow-up, 2546 (68%) achieved a pregnancy, 431 (12%) did not become pregnant, 171 (4.6%) were no longer trying to become pregnant, 259 (6.9%) started fertility treatment and 320 (8.6%) did not complete the study. Overall, the study retention was 80%. We found little difference in age, partner's age, last method of contraception, age at menarche, cycle length, BMI or TTP at study entry between women who completed the study and those lost to follow-up.
Overall, 3603 (97%) had ever used OCs. The median age at first OC use was 17.0 years (mean 17.4) and median duration of OC use was 7.0 years. Among ever users of OCs, 33, 38, 19 and 10% had used 1, 2, 3 or ≥4 different types of OCs, respectively, and the median duration of OC use was 84, 96, 82 and 60 months, respectively. In total, 2299 (62%) of the women reported OCs and 769 (21%) reported barrier methods as their most recent contraceptive method (Table I ). Figure 1 illustrates cycle-specific pregnancy probabilities and differences in pregnancy probabilities with 95% CIs, for women whose last method of contraception was OCs compared with those who last used barrier methods. OC users had lower fecundability than users of barrier methods in the first three unprotected cycles. Thereafter, cycle-specific pregnancy rates decreased equally for those using OC and barrier methods, from 17% at cycle 4 to 10% at cycle 12. The adjusted Kaplan -Meier curve (Fig. 2) shows that the 25th, 50th and 75th percentiles for TTP were 2, 3 and 7 cycles, respectively, among women who had used barrier methods and 2, 4 and 9 cycles, respectively, among women who used OCs as their last method. Overall, the adjusted FRs for women using OCs, IUDs or other methods as their last type of contraception were 0.87 (95% CI: 0.79 -0.96), 0.95 (95% CI: 0.82 -1.11) and 0.82 (95% CI: 0.72 -0.93), respectively, compared with those using barrier methods. In a sub-analysis, we restricted the 'other method' group to women reporting withdrawal, calendar or body temperature methods, because these less reliable methods may be associated with a history of fertility problems. This restriction did not change the overall FRs (data not shown). In total, 1239 (33%) participants had had a previous live birth. We stratified the analysis by gravidity (gravid and nulligravid), parity (parous and nulliparous) and age (,30 and ≥30 years) at study entry, because gravid and younger (Table III) .
After adjusting for covariates, including age, parity, last method of contraception and age at first OC use, we found a dose-response relation between the total duration of OC use and increased fecundability. Compared with the OC use ,2 years, the FRs were 0.98 (95% CI: 0.83 -1.15) for 2-3 years of OC use, 1.16 (95% CI: 0.98 -1.37) for 4-5 years, 1.10 (95% CI: 0.93 -1.29) for 6-7 years, 1.17 (95% CI: 0.99 -1.38) for 8-9 years, 1.23 (95% CI: 1.04 -1.46) for 10 -11 years and 1.28 (95% CI: 1.07-1.53) for ≥12 years (Table III) . Because younger women lacked the opportunity to use OCs as long as older women, we also stratified by age at study entry (18 -24 versus .24 years). This analysis yielded similar, but less precise results (data not shown). The adjusted cumulative 25th, 50th and 75th percentiles of TTP were 4, 7 and .11 cycles, respectively, for OC use of ,2 years and 3, 6 and .12 cycles, respectively, for OC use ≥12 years (Kaplan -Meir curve not shown). Figure 3 depicts a pattern of increasing fecundability with increasing duration of OC use, from 1 year of use until the peak at 11 years of use.
Among women using OCs as their last method of contraception, 1575 (69%) used OCs containing low-dose EE (20 or 30 mg), 354 (15%) used high-dose OCs (35 mg or bi/triphasic with 30-40 mg) and 368 (16%) used OCs containing no EE or an unknown amount of EE. High-dose OC use was associated with a shorter TTP (FR ¼ 1.18, 95% CI: 1.05 -1.34) (Table IV) .
Second, third and fourth generation OCs were used by 333 (14%), 1285 (56%) and 344 (15%) women, respectively. Table IV shows FRs for women using third and fourth generation OCs compared with women using second generation. The estimates indicate longer TTPs for users of third and fourth generation OCs, with adjusted FRs of 0.87 (95% CI: 0.76 -0.99) and 0.81 (95% CI: 0.68 -0.96), respectively.
Discussion
Our prospectively collected data on TTP confirm previous findings from retrospective studies indicating a short-term delay in return of fertility after OC use when compared with barrier methods (Vessey et al., 1978; Linn et al., 1982; Hassan and Killick, 2004; Kaplan et al., 2005; Axmon et al., 2006) . Among ever users of OCs, we found that OC use for longer time periods was associated with increased fecundability and young age at the first OC use was associated with reduced fecundability compared with initiation of OC use after the age of 21. Also, the use of third and fourth generation OCs was associated with longer TTP compared with the use of second generation OCs. Figure 2 Kaplan -Meier, pregnancy probability curves by last contraception method. The curves are adjusted for age, partner's age, educational level, cycle regularity, heaviness of flow, BMI, physical activity, smoking, alcohol intake, intercourse frequency, intentional delay, sexually transmitted disease history and total duration of OC use in months. N ¼ 3068. Figure 1 Cycle-specific pregnancy probability by last contraceptive method (A) and difference (B) in pregnancy probability among last contraceptive method, N ¼ 3068.
Pre-gravid oral contraceptive use and time to pregnancy Some methodological explanations for our findings should be considered. Selection bias could occur if the choice of contraceptive method or choice of OC type is related to underlying fertility. For instance, highly fertile women might prefer more reliable OCs over other contraceptives. If that were that the case, the observed shortterm delay in conception might be an underestimate. However, the results from our sub-analysis of nulligravid women, who presumably had no knowledge about their fertility, did not lend support to this hypothesis. In addition, as our study comprises women planning a pregnancy, it may overestimate TTP because unplanned pregnancies are more likely to occur among highly fertile women. We tried to address this problem by restricting the study population to women who had attempted pregnancy for six or less cycles at study entry. TTP was measured prospectively and cycles were used as the time metric, as each cycle offers a single ovulatory opportunity . However, because we collected TTP data bimonthly, some misclassification may have occurred, but it is unlikely to be related to exposure. In addition, data on former OC exposure were reported retrospectively and covered a long time period; thus, potential for underreporting exists. However, systematic bias in reporting of OC use is unlikely because participants reported OC brands and duration of OC use at baseline, before the occurrence of pregnancy. Cohort retention in our study was 80% Total duration of OC use adjusted for age, partner's age, educational level, cycle regularity, heaviness of flow, BMI, physical activity, smoking, alcohol intake, parity, intercourse frequency, intentional delay, sexually transmitted disease history, age at first OC use and last type of contraception used.
studies (Olsen et al., 2001; Russell et al., 2001) , and we found no major differences in baseline characteristics between women who completed the study and women who were lost to follow-up. We adjusted for a large number of potential confounders, but some residual confounding is still possible because we were not able to account for type of OCs used previously, polycystic ovarian syndrome (PCOS), menstrual pain and intolerance of OCs, which may be related both to last the contraception used and fertility. Finally, the study population consists of self-selected volunteers who were recruited via the Internet. Because all our comparisons are made within the population of our study subjects, and not between our study subjects and others who did not participate in the study, and because women who volunteered for the study did so before the occurrence of the outcome (pregnancy), the internal validity of the study is not affected by differences between the study population and the general population. On the other hand, if the biologic relations between OC use and TTP differ for study volunteers and others, the generalizability of our study findings might be limited, but is seems unlikely that the effect of OCs on TTP would differ for study volunteers and others. Our data extend research from earlier studies in several ways. A prospective study of 2064 women planning pregnancy reported little difference in pregnancy rates for women who had used OCs for ,24 months compared with those who had used OCs for ≥24 months (Cronin et al., 2009) . The other prospective study of 746 women who discontinued OCs to conceive found that the preceding duration of OC use (mean 21.5 cycles) had little influence on cumulative 1-year pregnancy rates (Wiegratz et al., 2006) . Similar to our findings, Farrow et al.'s study of 8497 pregnant women who reported TTP retrospectively in four broad categories (≤6 months; 7-12 months, 13-35 months and ≥36 months) showed that prolonged OC use (≥5 years) was associated with improved fecundity. The odds ratios for achieving a pregnancy within 12 months were 0.46 (95% CI: 0.33 -0.65), 0.52 (95% CI: 0.39 -0.70) and 0.71 (95% CI: 0.56 -0.91) for OC use of ,1, 1-2 and 3 -4 years, respectively, compared with ≥5 years of OC use. No information was provided on intentional delay after OC use or frequency of intercourse (Farrow et al., 2002) . In our study, we have not been able to compare long time OC users with never users because only 3% of our sample had never used OCs. Thus, we cannot rule out the possibility that fecundability is reduced after short-term OC use and improves thereafter, rather that fecundability is simply enhanced after long use.
During the reproductive development phase in adolescence, OCs are used to treat menstrual pain, cycle irregularities, PCOS, heavy menstrual flow and for contraception (Dickey, 2007) . Only one earlier study, based on retrospective data from the Nurses' Health Study (NHS) II, has explored the possible association between age at first OC use and TTP later in life. It found no increased risk of impaired fertility when OC use was initiated at a young age (ChasanTaber et al., 1997) . That conflicts with our finding of longer TTPs in particular for women who started OC use before the age of 16. In the NHS II study, age at first OC use was categorized into 13 -19 years, ≥20 years and never use. The mean age at first OC use was 20.1 years, compared with 17.4 years in our study. Thus, the majority of women in NHS II did not use OCs at a very young age. In addition, the use of broad age groups may mask a possible effect, explaining the discrepancy between the NHS II results and our results. A weakness of our study is the lack of information on reason for starting OC use before the age of 16. Although we adjusted for cycle irregularity and heaviness of flow, decreased fecundability could occur if young women used OCs for therapeutic reasons and these problems persisted after OC cessation. Using data from 2064 women who participated in a phase IV surveillance study of both drospirenone-containing OCs and other progestin-containing OCs, Cronin et al. found that the progestin type and EE dose (20 versus 30 mg) did not greatly influence initial or 1-year pregnancy rates after OC cessation (Cronin et al., 2009) . A cross-sectional study found that women discontinuing OCs containing ≥50 mg EE had greater conception delays than those discontinuing OCs with lower EE doses (Bracken et al., 1990) . We found slightly shorter TTPs for women who discontinued high-dose OCs (35 mg or bi/triphasic OCs with 30-40 mg). However, it is difficult to compare findings across these studies because of differences in OC formulations and study designs. In contrast to Cronin et al., we found that progestin type was associated with TTP; users of third and fourth generation OCs had longer TTPs compared with second generation OC users.
Several biological mechanisms may explain our findings. OCs prevent ovulation by suppressing hypothalamic and pituitary secretion of hormones (Dickey, 2007) , which may influence both the short-term delay in fecundability after OC discontinuation and improved fecundability after long-term OC use. A residual hormonal effect influencing ovulation after OC cessation could lead to the short-term delay in fecundability. A recent study documented that menstrual cycle biomarkers were altered for at least two cycles after discontinuation of OC use. Specifically, recent OC use was associated with lower cervical mucus quality, later estimated date of ovulation and decreased intensity of menstrual flow (a marker for quality of endometrial lining) (Nassaralla et al., 2011) . A long-term use of OCs might increase fertility by inhibiting follicle depletion over a woman's reproductive life. This hypothesis seems plausible as levels of the anti-Mullerian hormone, a clinical marker of ovarian reserve, have been found to be stable with extended OC use (Somunkiran et al., 2007; Steiner et al., 2010) . Moreover, some studies have shown that OCs postpone the depletion of the follicle pool and delay natural menopause (Gold et al., 2001; Palmer et al., 2003) .
Women who have used OCs for 4 years or more should be reassured because we found no evidence that long-term OC use deleteriously affects fecundability. Like short-term users, long-term users appear to experience a short-term delay in getting pregnant compared with those discontinuing barrier methods. The association between young age at first OC use and reduced fecundability is notable, but may partially reflect early age at first use among women with cycle irregularities. We believe this issue merits further investigation, as does our finding of slightly reduced fecundability for users of third and fourth generation OCs.
